A cold chain for perishable fresh products aims to preserve the quality of the products under the control of a predefined temperature range. To satisfy the delivery conditions within appropriate time windows, the most critical operations in cold chain management is the transportation and distribution of fresh products. Due to rapid population growth and increasing demand for high-quality fresh foods, it becomes critical to develop advanced transportation and distribution networks for fresh products, particularly in urban areas. This research aims to design different scenarios based on mathematical models for fresh products transportation and distribution network in the Bangkok metropolitan area using Geographic Information system (GIS). The proposed methodology integrates location-allocation and vehicle routing problem analysis. The performance of all possible scenarios is evaluated and compared by considering the number of required distribution centers and trucks, total travel time, total travel distance, as well as fairness among drivers. The results of the scenario analysis highlight that the alternative scenarios show a better performance as compared to the current network. In addition, the administrator can make a different decision among several alternatives by considering different aspects, such as investment cost, operating cost, and balance of using available resources. Therefore, it may help a public officer to design the fresh products logistics network considering actual demand and traffic conditions in Bangkok.
Introduction
The cold chain for the perishable products is defined as the entirety of supply chain operations and processes to ensure the temperature control within the predefined range [1] . The core function of the cold chain is to monitor the temperature in order to preserve the integrity and the quality of products and to guarantee the shelf life of goods [1] . However, transportation of perishable products and associated logistics operations pose many challenges for the cold chain [2] .
Specifically, there exists the general requirement for keeping the products as safe as possible during transportation. In addition, products should be delivered within the predefined time window and, at the same time, meet the expected food quality. These factors complicate the design and planning of the fresh products distribution network [3] . In addition, owing to the increased consumer awareness and government regulations on food safety, several issues have continuously been addressed as the most important problems in the foodservice industry [4] .
To cope with the rapidly growing population and the ever-increasing demand for high-quality fresh food, a more advanced transportation system for fresh food delivery is needed, particularly in urban areas [5] . In this context, Bangkok metropolitan, the urban agglomeration of Bangkok, is a most representative case where an advanced fresh food transportation network is urgently needed.
In another study, Hsu and Chen [5] proposed a model to analyze the operation strategy of a joint distribution system by considering the costs of carriers, transportation demand, and acceptable shipping charges with a time-dependent demand pattern. The results of this study suggest that carriers determine departure times of multi-temperature food with demand-supply interaction and prioritize food of medium temperature ranges, as delivering such foods generates more profit.
Serra and Marianov [22] investigated location problems in the public sector. Most public facility located models were found to use a p-median problem approaches and/or a covering problem (Location Set Covering Problems, LSCP, or Maximal Covering Location Problems(MCLP) to set the foundations of the formulation. The results showed that p-median and covering problems could be considered as benchmarks in the development of location models.
Furthermore, Wang, Tao, and Shi [23] proposed the minimum total costs in cold chain logistics by using an LRP model. A hybrid genetic algorithm with heuristic rules is designed to solve the model under the constraints of both benefit and environment. The carbon tax policies are suggested to analyze the impact of carbon tax on the total costs and carbon emission.
Similarly, Fazayeli, Eydi, and Kamalabadi [24] integrated the multimodal routing and location-routing problems for considering in worldwide businesses. The problem consists with two dimensions: a multimodal network is to move products from producer to depots and a location routing network is to deliver products from depots to customers. A mixed-integer mathematical fuzzy model was presented for the proposed problem. The results suggested that time windows and fuzzy demands increased overall cost and time and imposed more difficulty on the problem. Moreover, comparing algorithm values and solution time indicated performance of the proposed algorithm.
Ma, Wu, and Dai [25] proposed the combined order selection and time-dependent VRPTW in delivering perishable products. This study aimed to determine delivery order, service sequence, and timing to start a delivery task in order to maximize profit maximization.
Solak, Scherrer, and Ghoniem [26] introduced a new variant of location-routing problem, which is the stop-and-drop problem (SDRP) for nonprofit food distribution networks in day-to-day-operations. Trucks delivered food to multiple sites by considering service area and partner agencies travel. The integrated mixed-integer model applied to solve a set of delivery sites, and determine agencies sites and route scheduling. Moreover, the Bender implementation and logic-based Benders decomposition heuristics were also proposed in this paper to fix time limitations.
Musolino, Polimeni, and Vitetta [27] proposed a procedure for the solution of the VRP based on Network Fundamental Diagram (NFD). The proposed link travel time function to calculate reliable travel times are used for the solution of VRP to obtain optimal routes of freight vehicles. The results indicated that that the optimal routes contribute to avoid heavily congested links and portions of the network in urban areas.
Finally, Musolino, Rindone, Polimeni, and Vitetta [28] integrated location and vehicle routing problems for planning an Urban Distribution Center (UDC) based on the restocking demand scenarios in order to follow sustainability goals. This study aimed to support city logistics planning, evaluating cost and benefits of the logistics operators in Southern Italy. In addition, the proposed methodology can be applied to attain a trade-off among sustainability dimension regarding public and private needs.
In summary, from the literature review presented in Table 1 , it can be concluded that several previous studies have investigated several solutions to solve the network design problem in fresh food logistics. In these previous studies, the LAP and VRP are the most widely applied approaches. Most of them focused on cost minimization as the economic dimension of sustainability, especially in private sector. However, only a few previous research works considered the social and environment dimensions. Moreover, a few previous studies on LRP considered the exact locations and real transporting routes among origins and destinations. Most previous studies presented the results of the optimal solutions were compared to the number of locations, travel distance, travel time, and the number of routes. Therefore, it is not easy to find research that focused on the public sector and considered fairness among drivers. Likewise, not many studies compared different approaches that aimed at minimizing facilities and maximizing coverage approach applied in the fresh fruit and vegetables transportation. It is possible to find that most of the previous research has considered LAP, VRP, VRPTW, or other related models, respectively. In this research, we have suggested the research framework by integrating the LAP and VRPTW. In addition, in this research, we have compared the different scenarios that consisted of various approaches such as the closest facility, minimum number of facilities, and maximizing coverage. The performance of all scenarios was evaluated by applying VRPTW considering the limited capacity of trucks from the limited number of DCs to all delivery points. By comparing with the quantitative metrics such as the number of required DCs and trucks, the travelling time and distance, and fairness among drivers, it may be possible to suggest a better alternative for an urban transportation network for distributing fresh fruits and vegetables. 
Research Background
Location and routing problems were some of the main concerns in logistics. To solve the problem of distribution for fresh fruits and vegetables, the framework which integrates LAP and VRPTW approaches is devised in this research. The presented framework can be divided into the following two-phase sequential approach. The first phase is to identify the location of fresh food distribution and demand allocation. The second phase is to design the routes for delivery and the number of vehicles required while minimizing the total travel distance while delivering fresh fruits and vegetable from wholesalers to retailers through DCs. The LAP and VRPTW are described as follows:
Location-Allocation
Location-allocation is divided into two sections: locating facilities and allocating demand points to the facilities. The purpose of LAP is to minimize the overall distance between demand points and facilities, maximize the number of demand points covered within a certain distance of facilities, maximize an apportioned amount of demand, and maximize the amount of demand captured in an environment of friendly and competing facilities [29] . This research aimed to find the minimum number of DCs or to find the location of DCs while maximizing coverage based on the predetermined the number of DCs that will be explained in further details.
Minimum Facility Location Problems
The objective of minimum facility location problem is to find the minimum number of facilities while covering all demand. It can be stated that each and every demand point has at least one server located within some distance or time standard [22] . When the cost of building facilities is not considered, a demand point inside the impedance cutoff has been allocated to the nearest facility [30] . The formulation of the model is as follows:
Sets: I = set of demand nodes (indexed by i); J = set of eligible facility sites (indexed by j); Parameters N i = j d ji ≤ S ; d ji = the distance from potential facility location j to demand node i; S = the distance standard for coverage;
Decision Variable:
x j = Binary variable equals 1 if a facility is located at node j, 0 otherwise:
x j = 0, 1 ∀ j J
Note that N i is the set of all those candidate sites for the potential location of facilities that are within distance S of demand node i. When a facility is located in any of the candidate sites, demand node i is covered. The objective in Equation (1) minimizes the number of facilities required. Constraints in Equation (2) ensure that there is at least one opened facility within standard distance s from each demand node [22] .
Maximizing Coverage
Maximizing coverage is used to locate facilities based on the number of facilities, which, in this case, is determined by the decision maker. Additionally, facilities are often required to arrive at all demand points within a specified response time [30] . This model, called MCLP, seeks the location of a fixed number of facilities that are most probably insufficient to cover all demand within the standards, so the demand covered by the service is maximized [22] . The fixed number of facilities is a proxy for a limited budget [22] . Its formulation is as follows (see Equation (4) 
subject to
x j , y i = 0, 1 ∀j J, ∀i I
The objective in Equation (4) maximizes the weighted sum of covered demand nodes. Constraints in Equation (5) state that the demand at node i is covered whenever at least one facility is located within the time or distance standard S. Constraint in Equation (6) gives the total number of facilities that can be sited [22] .
Vehicle Routing with a Time Window
The VRP is one of the most significant problems in distribution management [17] . The VRP aims to provide a high level of customer service while complying with time windows [31] . The constraints are to complete the routes with available resources and within the time limits imposed by driver work shifts, driving speeds, and customer commitments [31] .
In this research, we used the VRPTW, which is a generalization of the VRP where the service at any customer starts within a given time interval, called a time window [32] . The formulation of the model is as follows: 
The objective function in Equation (8) minimizes not only the number of vehicles required, but also the total travel time, and total travel distance incurred by the fleet of vehicles. The constraints in Equation (9) certify that each customer is visited once, and Equation (10) indicates that a vehicle can be loaded up to its capacity. Equations (11)- (13) state that each vehicle is initially located at a distribution center, which we denote by 0; after arriving at a delivery point, it has to leave to another destination; finally, all vehicles must arrive at depot n + 1. The inequalities in Equation (14) establish the relationship between the vehicle departure time from a customer and its immediate successor. Finally, constraints in Equation (15) insist that time windows should be observed, and Equation (16) shows integrality constraints. Note that an unused vehicle is modeled by driving the empty route (0, n + 1) [32] .
Methodology
The proposed methodology integrates location-allocation and vehicle routing problem analysis. Figure 1 shows the four-step of this research. Each step will be explained in further detail. 
Step I: Collecting Data and Making Assumptions
We assumed that the fresh products consist of producers, wholesalers, which are the central markets of each province, fresh products DC, retailers, and end customers. Most of the problems and issues of a distribution network for the fresh products arise from wholesalers to retailers. Therefore, in this research, we focused on two parts: from DC to retailer and from wholesaler to DC (see Figure  2 ). In the first part, each retailer was assigned to DC based on the distance. In the second part, the distribution from the wholesale market to the potential candidate DCs had to be analyzed based on travel distance, total demand of DCs, and production capacity of the wholesaler. 
We assumed that the fresh products consist of producers, wholesalers, which are the central markets of each province, fresh products DC, retailers, and end customers. Most of the problems and issues of a distribution network for the fresh products arise from wholesalers to retailers. Therefore, in this research, we focused on two parts: from DC to retailer and from wholesaler to DC (see Figure 2 ). In the first part, each retailer was assigned to DC based on the distance. In the second part, the distribution from the wholesale market to the potential candidate DCs had to be analyzed based on travel distance, total demand of DCs, and production capacity of the wholesaler. 
Wholesale Market, DC, and Retail Market
The information and data collection for scenario analysis were performed based on the following set of assumptions:
• Location of existing DC: Talaad Thai market is the biggest wholesale market in Thailand and Southeast Asia for trading of agriculture goods. This existing DC supplies fresh fruits and vegetables to all of the main retailers in Bangkok.
•
Location of eight candidate distribution DCs (see Table 2 and Figure 4 ): one of the development agendas of Thailand's logistics development plan (2017-2021) was formulated for developing a fresh products distribution system to reduce cost and waste as well as flagship projects [33] . Moreover, Thailand's agricultural development plan from 2017 to 2021 aims to promote agricultural supply chain management from producer to end customer [34] by encouraging the establishment of service centers (facilities) in the community that provide storage, distribution, and transportation services for agricultural products. To control the quality of perishable products, a fresh products DC has to build, improve, and develop with the advanced technological system in order to meet customer requirements. In addition, the location of eight candidate DCs is easy to access from the outer ring road, highway, and available area in Bangkok metropolitan.
Location of six major wholesale markets (see Table 3 , Figure 4 : fresh fruit and vegetable central markets located in each surrounding provinces, wholesalers in the central market supply their product to DC.
Six major wholesale markets serve the same type of fresh fruits and vegetables.
Location of 141 main retail markets in Bangkok (see Figure 3 ): the data refer to the department of city planning and urban development, Bangkok metropolitan administration studied about fresh retail market in 50 districts of Bangkok.
Demand for each retail market based on the population in each district with an average daily consumption of fresh fruits and vegetables in Thailand. 
Operations of DC
We assumed the following operations in DCs for distributing fresh products:

The demand for each delivery point must be satisfied by a vehicle assigned. 
Each vehicle leaves and returns to DC. 
The maximum vehicle capacity is 15 tons, according to the transportation regulation. 
The delivery time window starts from 2.00 a.m. and ends at 5.00 a.m.: retailers must prepare their products from 2.00 a.m.-5.00 a.m. every day. According to the regulation that trucks are not allowed to get in urban areas during working hours, the delivery time window should be The information and data collection for scenario analysis were performed based on the following set of assumptions: Table 2 and Figure 3 ): one of the development agendas of Thailand's logistics development plan (2017-2021) was formulated for developing a fresh products distribution system to reduce cost and waste as well as flagship projects [33] . Moreover, Thailand's agricultural development plan from 2017 to 2021 aims to promote agricultural supply chain management from producer to end customer [34] by encouraging the establishment of service centers (facilities) in the community that provide storage, distribution, and transportation services for agricultural products. To control the quality of perishable products, a fresh products DC has to build, improve, and develop with the advanced technological system in order to meet customer requirements. In addition, the location of eight candidate DCs is easy to access from the outer ring road, highway, and available area in Bangkok metropolitan.  Location of six major wholesale markets (see Table 3 , Figure 3 : fresh fruit and vegetable central markets located in each surrounding provinces, wholesalers in the central market supply their product to DC.  Six major wholesale markets serve the same type of fresh fruits and vegetables.  Location of 141 main retail markets in Bangkok (see Figure 4 ): the data refer to the department of city planning and urban development, Bangkok metropolitan administration studied about fresh retail market in 50 districts of Bangkok.  Demand for each retail market based on the population in each district with an average daily consumption of fresh fruits and vegetables in Thailand. 
Operations of DC
• The demand for each delivery point must be satisfied by a vehicle assigned.
•
Each vehicle leaves and returns to DC.
The maximum vehicle capacity is 15 tons, according to the transportation regulation.
The delivery time window starts from 2.00 a.m. and ends at 5.00 a.m.: retailers must prepare their products from 2.00 a.m.-5.00 a.m. every day. According to the regulation that trucks are not allowed to get in urban areas during working hours, the delivery time window should be satisfied.
The speed of a truck from DC to the retailer is 10 km per hour (km/h): speed refers to the average of the worst congestion in the inner traffic congested road in Bangkok provided by the office of transport and traffic policy and planning, Thailand. To guarantee delivering goods in the event of unplanned circumstances within the time window, the speed of the truck was 10 km/h.
Speed of a truck from wholesaler to DC is 30 km/h: each DC is located near a circulate road and highways.
Service time for unloading fresh product to each retailer is 30 min.
Step II: Building Scenarios
The goal of this research was to find the optimal number and location of DCs to support the demand of retailers. In order to do this, eight possible scenarios were devised and summarized in Table 4 . Scenario 1 assumes the existing distribution network. In addition, we propose three different approaches to select the location of distribution center. First, closest facility analysis was utilized to all eight available facilities in scenario 2. Second, in scenario 3, the number of facilities required to cover all demand points is minimized, which can be represented by n. Finally, we have utilized the approach for maximizing coverage which locates facilities where all demand points can be reached within a specified response time. By increasing the number of DCs which is secured from scenario 3 (n), we can design scenarios 4 to 8 represented by n + 1, n + 2, n + 3, n + 4 and n + 5, respectively. Even if the minimum number of DCs is equal to two, the maximum number of scenario using a maximize coverage approach should be equal to 7 (n + 5). Therefore, we can have at most eight scenarios. Each scenario will be explained in further detail. Currently, each wholesaler delivers products to the existing DC. Then, retailers should pick up their products based on demand and deliver them to the retail market (see Figure 5 ). n + 4 Scenario 8 Maximize coverage 180 n + 5  Scenario 1: Only one DC existing Currently, each wholesaler delivers products to the existing DC. Then, retailers should pick up their products based on demand and deliver them to the retail market (see Figure 5 ). The details of the assumption to build scenarios 2-8 are described below.
 Scenario 2: Using all candidate DCs
The analysis assumed that all candidate DC should be addressed as a new facility. First, the closest facility in ArcGIS was used to assign 141 retailers to each DC. The delivery quantity to each retailer, delivery time window, and truck capacity were considered. Second, each DC delivered fresh fruits and vegetables to a group of retailers by using VRPTW analysis. Finally, LRP was used to find the total travel time and distance from wholesaler to DC.

Scenario 3: From the result of minimizing the facility problem
In this scenario, we first found the minimum number of DCs required to cover all retailers using the location-allocation analysis. Then, retailers were assigned to possible candidate DCs within the impedance cutoff. Finally, the routes and schedules for distributing products from DCs were developed.
Scenario 4 to Scenario 8: Using the maximize coverage problem
In Scenarios 4-8, we set the number of candidate DCs first. By increasing the number of candidate DCs from scenario 3 (minimizing the facility problem) to scenario 8 (the maximum number of DCs), we could extend the scenarios. Based on constraints in Table 4 , maximizing coverage was The details of the assumption to build scenarios 2-8 are described below.
• Scenario 2: Using all candidate DCs
•
• Scenario 4 to Scenario 8: Using the maximize coverage problem
In Scenarios 4-8, we set the number of candidate DCs first. By increasing the number of candidate DCs from scenario 3 (minimizing the facility problem) to scenario 8 (the maximum number of DCs), we could extend the scenarios. Based on constraints in Table 4 , maximizing coverage was used to choose the best set of candidate DCs, which could cover the maximum number of retailers within the impedance cutoff. Finally, the routes for delivery from selected DCs to 141 retailers were designed.
Step III: Scenario Analysis
Scenario analysis consisted of two phases, LAP and VRPTW. The two phases of scenario analysis are further detailed as follows:
• Phase I: LAP
In the first phase, from the set of candidate locations, the potential locations were selected and assign retailers to selected DCs. These were formulated by minimizing the number of locations and maximize coverage. The location-allocation analysis in ArcGIS network analyst tools starts by generating an origin-destination matrix by calculating the shortest-path costs. Then, it builds an edited version of the cost matrix, which can be obtained by generating a set semi randomized initial solutions, and it applies a vertex substitution heuristic to refine these solutions for creating a group of good solutions [35] . A metaheuristic combines the group of good solutions to create better solutions [35] . Finally, the metaheuristic returns the best solution with the current one when there is no additional significant improvement [35] . Therefore, the combination of an edited matrix, semi randomized initial solutions, a vertex substitution heuristic, and a refining metaheuristic can quickly yield the near-optimal results [35] .
Moreover, both time and distance were specified as an impedance cutoff. The analysis assigned 141 delivery points (retailers) to candidate DCs. Moreover, the capacity of selected DCs was calculated to compare the balancing capacity of selected DCs for each scenario. Figure 7 shows an example of LAP in scenario 5 by maximizing coverage facility.
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
Phase II: VRPTW
In the second phase, the vehicle routing problem was solved using the locations of selected DC from phase I: LAP. The optimal vehicle routing was also obtained using ArcGIS network analyst tools based on a tabu search metaheuristic. It is designed for getting a solution very close to a global optimum in a general optimization problem [36] . The principle of a metaheuristic is to explore the search space composed of all feasible solutions in order to achieve the optimal solution that minimizes the objective function [37] . The tabu search is concerned with finding new and more effective ways of taking advantage of the mechanisms associated with both adaptive memory and 
•
In the second phase, the vehicle routing problem was solved using the locations of selected DC from phase I: LAP. The optimal vehicle routing was also obtained using ArcGIS network analyst tools based on a tabu search metaheuristic. It is designed for getting a solution very close to a global optimum in a general optimization problem [36] . The principle of a metaheuristic is to explore the search space composed of all feasible solutions in order to achieve the optimal solution that minimizes the objective function [37] . The tabu search is concerned with finding new and more effective ways of taking advantage of the mechanisms associated with both adaptive memory and responsive exploration [38] .
In addition, both distance and time were used as impedances for all scenarios. The analysis focused on the vehicle routing from DC to the retailer and from wholesaler to retailer, the number of required trucks, total travel time, and total travel distance. In order to minimize total cost, we aimed to minimize the number of required trucks, total travel time, and total distance. In this research, all possible scenarios were implemented using ArcGIS; for example, Figure 8 shows the results of VRP in scenario 5, which optimized the route by using VRPTW. 
Step IV: Performance Evaluation
In the last step, the indicators to measure the performance of each scenario were devised. In this research, we suggested quantitative indicators such as the number of DCs, the number of required trucks, total travel distance, and total travel time. However, the results of optimization showed that, while some truck drivers travel a long distance, others travel shorter distances. In this situation, the former truck drivers would be protesting and stop working because of the unbalanced assignment problem. Therefore, the indicator of fairness among drivers was developed with the standard deviation of travel time and the standard deviation of travel distance. At first, we compared all possible scenarios. Then, the performance of only alternative scenarios was compared with the relative score, as all quantitative indicators had different units. The results of the performance comparison helped to select better alternatives by considering practical constraints, such as budget and regulations.
Result and Discussion

Results of LAP and VRPTW
The results of the LAP of all scenarios are summarized in Table 5 . The summary of VRPTW for all scenarios in terms of distance and time is presented in Table 6 . 
Step IV: Performance Evaluation
Result and Discussion
Results of LAP and VRPTW
The results of the LAP of all scenarios are summarized in Table 5 . The summary of VRPTW for all scenarios in terms of distance and time is presented in Table 6 . Regarding the VRPTW analysis, the results of the number of required trucks, total travel time, total travel distance, and fairness among drivers, scenarios 1 and 3 required 70 trucks, which is the minimum number trucks as compared to other scenarios. Although the number of required trucks in scenario 8 was higher than other scenarios, this scenario showed the best performance in terms of total travel time for 178.50 hr. Moreover, scenario 8 with 73 required trucks guaranteed the minimum total travel distance for 1109.12 km. However, scenario 7 showed the minimum value of the standard deviation of travel time (0.88) and distance (5.45 ). This means that scenario 7 guaranteed a better fairness among drivers and a well-balanced workload assignment.
In addition, Table 6 shows the improvement in terms of travel time and travel distance as compared to scenario 1. Scenario 8 showed the highest improvement percentage for both time (71.76%) and distance (72.92%). Therefore, scenario 8 showed the best performance for both total travel time and distance. Moreover, the best performance in terms of fairness among drivers was observed in scenario 7. For the number of required trucks, most alternative scenarios (except for scenario 3) showed a lower performance than that of scenario 1.
Comparison of the Resources and Required Capacity of DC
In order to build a new facility, it is necessary to consider the project and budget planning.
To determine the number of DC, the number of required trucks, and the capacity of DC, all factors were related to the budget. Therefore, we examined two aspects to find insights for investment. First, we compared the number of DCs and the number of trucks to explore the relationship when the number of DC is changed. Second, through a comparison among the capacity of selected DCs, we were able to analyze the balancing capacity for each scenario.
The result of the LRP analysis concerning the number of DCs and the number of required trucks is reported in Figure 9 . Scenario 1, with only one current DC, showed the highest performance in terms of the number of trucks (70). Even though scenario 8 required the biggest number of DCs (7 DC), it required only 73 trucks, which is similar to the minimum value, 70. Therefore, it can be concluded that scenario 8 did not require more trucks, even though the number of DC is increased. According to the results of VRPTW, all 141 retailers were covered by the number of trucks. Most drivers can supply only two retailers for a trip, as the capacity of the truck was limited. This is the main reason why the number of trucks for each scenario ranged from about 70 to 73. Therefore, the budget for the vehicle is quite similar for each scenario, so the budget for the building DCs was totally different based on the number of DC. Figure 10 shows the required capacity of the selected DCs for each scenario. According to the assumption, all demand for retailers was allocated to the selected DCs. Therefore, the sum of the required capacity of the selected DCs was equal to the total demand. Considering the fixed cost or initial investment to build DCs for the fresh products, which was not relevant to the capacity, it is required to set the minimum level of required capacity for the selected DCs. Since this depended on several cost factors, the balance of the capacities among selected DCs should be investigated. In Figure 10 , the scenarios with unbalanced capacity among the selected DCs can be clearly seen. For instance, the required capacities of DC_3 and DC_5 were considerably smaller than others in According to the results of VRPTW, all 141 retailers were covered by the number of trucks. Most drivers can supply only two retailers for a trip, as the capacity of the truck was limited. This is the main reason why the number of trucks for each scenario ranged from about 70 to 73. Therefore, the budget for the vehicle is quite similar for each scenario, so the budget for the building DCs was totally different based on the number of DC. Figure 10 shows the required capacity of the selected DCs for each scenario. According to the assumption, all demand for retailers was allocated to the selected DCs. Therefore, the sum of the required capacity of the selected DCs was equal to the total demand. Considering the fixed cost or initial investment to build DCs for the fresh products, which was not relevant to the capacity, it is required to set the minimum level of required capacity for the selected DCs. Since this depended on several cost factors, the balance of the capacities among selected DCs should be investigated. According to the results of VRPTW, all 141 retailers were covered by the number of trucks. Most drivers can supply only two retailers for a trip, as the capacity of the truck was limited. This is the main reason why the number of trucks for each scenario ranged from about 70 to 73. Therefore, the budget for the vehicle is quite similar for each scenario, so the budget for the building DCs was totally different based on the number of DC. Figure 10 shows the required capacity of the selected DCs for each scenario. According to the assumption, all demand for retailers was allocated to the selected DCs. Therefore, the sum of the required capacity of the selected DCs was equal to the total demand. Considering the fixed cost or initial investment to build DCs for the fresh products, which was not relevant to the capacity, it is required to set the minimum level of required capacity for the selected DCs. Since this depended on several cost factors, the balance of the capacities among selected DCs should be investigated. In Figure 10 , the scenarios with unbalanced capacity among the selected DCs can be clearly seen. For instance, the required capacities of DC_3 and DC_5 were considerably smaller than others in In Figure 10 , the scenarios with unbalanced capacity among the selected DCs can be clearly seen. For instance, the required capacities of DC_3 and DC_5 were considerably smaller than others in scenario 2. Likewise, scenarios 2 and 8 showed the unbalanced capacity among selected DCs. Scenarios 5, 6, and 7 were moderately shown in the unbalancing capacity. Therefore, to build a small DC as DC_3 and DC_5 in scenario 2 or DC_5 in scenario 8, it might be not worthwhile to invest. On the other hand, scenarios 3 and 4 showed well-balanced capacities. Therefore, it can be concluded that the balance of capacities could not be maintained with an increase in the number of DCs.
Comparison of Operations
Furthermore, fresh products logistics should also consider short travel time and distance from DC to retailers. Based on the results, Figure 11 shows the total travel time and distance from DCs to retailers for all scenarios.
Appl. Sci. 2019, 9, 5048 19 of 28 scenario 2. Likewise, scenarios 2 and 8 showed the unbalanced capacity among selected DCs. Scenarios 5, 6, and 7 were moderately shown in the unbalancing capacity. Therefore, to build a small DC as DC_3 and DC_5 in scenario 2 or DC_5 in scenario 8, it might be not worthwhile to invest. On the other hand, scenarios 3 and 4 showed well-balanced capacities. Therefore, it can be concluded that the balance of capacities could not be maintained with an increase in the number of DCs.
Furthermore, fresh products logistics should also consider short travel time and distance from DC to retailers. Based on the results, Figure 11 shows the total travel time and distance from DCs to retailers for all scenarios. Scenario 1 showed the worst performance in terms of both total travel time and distance. It is clear that total travel time and distance of alternative scenarios can be dramatically decreased by adding more DCs and locating them where it is easy to access the highway. This is clear evidence for why we need to redesign the distribution network using multiple DCs, not only the biggest one, particularly in urban areas.
In this research, we suggested using a new indicator, fairness, which can be measured by the standard deviation of travel time and distance among drivers. Figure 12 shows the results of comparison among scenarios. By considering the fairness of traveling time and distance for each driver, scenario 1 showed the worst values of both time and distance. Similar to other indicators, alternative scenarios showed a considerably better performance in terms of fairness. Therefore, fairness among drivers improved with an increase in the number of DCs. Scenario 1 showed the worst performance in terms of both total travel time and distance. It is clear that total travel time and distance of alternative scenarios can be dramatically decreased by adding more DCs and locating them where it is easy to access the highway. This is clear evidence for why we need to redesign the distribution network using multiple DCs, not only the biggest one, particularly in urban areas.
In this research, we suggested using a new indicator, fairness, which can be measured by the standard deviation of travel time and distance among drivers. Figure 12 shows the results of comparison among scenarios. By considering the fairness of traveling time and distance for each driver, scenario 1 showed the worst values of both time and distance. Similar to other indicators, alternative scenarios showed a considerably better performance in terms of fairness. Therefore, fairness among drivers improved with an increase in the number of DCs. 
Overall Performance Evaluation
In addition, the performance of all possible scenarios should be evaluated by a joint consideration of the following six indicators (see Figure 13 ): the number of DCs, total travel time, total travel distance, standard deviation of travel distance, standard deviation of travel time, and number of required trucks. Given that all indicators have different units, we compared them with the relative score, which was obtained by dividing the score of scenarios with the maximum value among them.
Among eight scenarios, scenario 1 as the existing DC showed the worst performance in five indicators except for the number of DCs (see Figure 13a ). Interestingly, even though we assumed a different number of DCs, the number of required trucks of all scenarios was almost identical. It is clear that alternative scenarios can guarantee a better performance in travel time, distance, and fairness among drivers as compared to scenario 1. Therefore, in order to choose the best scenario to apply to the practical transportation, we compared the performance among only alternative scenarios. The results are shown in Figure 13b .
In summary, the results can be interpreted in three aspects. First, when the budget of a new facility investment was considered to be a top priority, scenario 3 should be selected as the best one, as it requires the minimum level of resources, number of DCs (2 DCs), and the number of required trucks (70). However, due to the longer travel time and distance, scenario 3 was found to require more operating costs. Second, when the operating costs were considered as a top priority, scenario 8 had the best score of the total travel time and travel distance. Finally, scenario 7 showed the best score in terms of fairness among drivers based on STDEV of time and distance. 
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Distribution from Wholesaler to Selected DCs
In the current transportation system with only one DC, the wholesaler of each province (central market) delivers the products to DC based on demand. In this research, as in the current system, we 
In the current transportation system with only one DC, the wholesaler of each province (central market) delivers the products to DC based on demand. In this research, as in the current system, we assumed that the demand of each candidate DC was assigned to the nearest wholesaler. If the nearest wholesaler could not support the demand, another wholesaler would be selected to support the remained demand by considering the remained capacity of wholesaler and the distance from DC to the wholesaler. For example, in Figure 14 , five candidate DCs in scenario 6 were supported by four wholesalers. Therefore, we should investigate and evaluate the performance of scenarios considering the distribution from wholesaler to selected DCs.
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Performance Evaluation of the Whole Distribution Network
The total travel time and distance from wholesaler to the retailer via DCs are shown in Table 8 . In terms of total travel time, scenario 8 with seven DCs can be regarded as the best alternative. In the case of total travel distance, scenario 6 showed the best performance. However, scenario 5 with four DCs required the minimum number of trucks. It can be concluded that the proposed approach can guarantee a better performance to reduce travel time and distance as compared with the current existing distribution network. Reducing the number of vehicles, travel distance and travel time lead to reduction in distribution cost and greenhouse gas [17, 39] . One of the alternative scenarios can be suggested to build the practical network by considering several different factors such as the triple bottom line from the definition of sustainability, economic, social, and environmental values.
For instance, the economic benefit will increase with a decrease of the total time and distance, which can reduce operating costs, like fuel costs. At the same time, environmental benefits can be increased because it can reduce energy consumption and emission in an urban area. Finally, fairness may represent a social value, as it implies the balance of the assigned task or workload among drivers.
Specifically, sustainability can be achieved by considering the following factors to design urban distribution network to simultaneously enhance the economic, social, and environmental values: 
Sensitivity Analysis
The procedure and result of sensitivity analysis are presented in this section in order to verify the validity of the results. Generally, the sensitivity analysis is required to build more robust models considering variable demand and capacity of DC in daily operations. The objective of sensitivity analysis is to monitor the changes of the result of LAP and VRPTW analysis when demand is increasing by 120%, 150%, and 200%, respectively. To verify the robustness of the results obtained with closest facility, minimize facility, and maximize coverage model, we conduct the LAP and VRPTW analysis by using maximized capacitated coverage, which the capacity of DC is limited. The maximum storage capacity of each DC is determined in Table 9 . In Table 10 , the results of the LAP analysis according to the increased demand of fresh fruits and vegetables are shown. We conduct a sensitivity analysis by repeating all the computational experiments for all eight scenarios. We compared the result of LAP between Tables 5 and 10 when considering the increased demand. As it can be found from the result, the number of selected DCs is not changed, but some of the DCs are substituted by others as the demand increases, which is illustrated by being bold and underlined. For scenario 3, the DC_6 was substituted by the DC_7 and DC_5 in scenario 3. The DC_4 was chosen as the demand increase in scenario 4. In the case of scenario 5, the DC_4 and DC_8 were selected when demand increased by 150% and 200%. In scenario 6, the DC_8 was chosen for replacing the DC_1 when demand increased 150% and 200%. According to the results of the LAP analysis, the performance indicators of the selected network for each scenario are assessed by using VRPTW analysis. Like LAP analysis, the changes of all indicators have been analyzed while the demand increases by 120%, 150%, and 200%, respectively. The results of the sensitivity analysis are summarized in Table 11 in terms of different indicators. It can be said that there exists a significant difference in the number of required trucks, travel time, and travel distance. These numbers seem to increase slightly when the demand increases by 120%. However, when the demand increases by as much as 150%, and 200%, a significant increase in terms of these indicators exists, even though they look like having a proportional relationship with the demand. In conclusion, it can be indicated that the results of the original LAP and VRPTW are still robust when demand increases by 120%. In addition, the results of sensitivity analysis verify that the alternative scenarios show the better performance when compared with the current distribution network if the demand of fresh fruits and vegetables increases.
Conclusions
A cold chain for perishable foods aims to maintain the food safety and quality of the products under temperature monitoring and control. Transportation and distribution within delivery time windows become a challenge for the fresh food management. With urban population growth and increasing traffic congestion issues, a major existing DC may inefficiently meet customer requirements. To support the increasing demand and improve the quality of life in Bangkok metropolitan, an advanced transportation and distribution network for fresh products is needed.
This research aimed to design a transportation network for fresh fruit and vegetables considering total travel time, total travel distance, and fairness among drivers by integrating LAP and VRPTW analysis. In addition, the results of LRP were obtained based on the actual location of origin, destination, and candidate DCs. Furthermore, candidate DCs were selected by minimizing facility location and maximizing coverage approach. All possible scenarios were devised and compared in terms of their performance based on six quantitative indicators: the number of the DCs, total travel distance, total travel time, the standard deviation of travel distance, and travel time, which refers to fairness among drivers, as well as the number of required trucks.
The results highlight that the alternative scenarios based on mathematical models can guarantee a significantly improved performance, such as total travel time, total travel distance, and fairness than the current distribution network. For instance, when considering total travel time and distance from wholesaler to retailer via DCs, scenario 8 with seven DCs showed the best performance in travel time, while scenario 6 with five DCs showed the shortest distance. In terms of fairness, scenario 7 with six DCs may be regarded as the best alternative with the highest fairness indicator among drivers in both traveling time and distance. In addition, the results of performance evaluation may help the network designer consider and select a better scenario. Comparing makes it possible to enhance and balance economic, environmental, and social values to achieve sustainability in urban distribution. In order to consider the balance of the assigned workload in this research, we designed the fairness indicator based on the standard deviation of traveling distance and time across drivers.
There are several methods to extend this research that can be suggested as future research directions. First, in order to make the problem simple without a loss of generalizability of our results, we did not specify the capacity of each DC at the beginning of the study. However, it may be helpful to design and develop a flexible transportation network. Second, it is difficult to forecast the demand for fresh fruit and vegetables from each retailer in Bangkok city. The demand for fresh fruit and vegetables was calculated based on the average consumption per year and the population of each district in Bangkok. The current results may be improved by securing the category and practical demand for fresh products from the retailer. Third, we have applied to the fixed average speed of outside and inside of the Bangkok area for solving VRPTW. However, the speed of trucks will be different according to the traffic status. Therefore, after securing the actual average speed of all roads, it is possible to elaborate the result of this research. Fourth, there is not enough information and data about land price, construction cost, and operating cost in fresh food DC. Therefore, the investment cost and operating cost should be calculated in future research. Fifth, the fresh products logistics operations should be developed using advanced techniques when it needs more accuracy. The optimization and machine learning should be applied to solve complex problems. Finally, the discrepancy in priority setting and information sharing among parties should be a focus.
